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A Novel Method for Visual Display and 
Quantification of Power Changes in Progressive 
Addition Lens and Other Aspheric Lenses 
Currently, lensometers are used to verify the power of various 
lenses, such as sphero-cylinderical, multifocal, and Progressive 
Addition lenses (PAL). However, it is not practical to measure how 
the power changes in the PAL because numerous measurements 
would have to be taken. It would be nice to have a quick method of 
mapping the power changes of the PAL. This is similar to 
keratophotoscopy and corneal topography techniques which display 
corneal front surface changes. By utilizing the Optical Tester with a 
few minor modifications, it is possible not only to display an image 
of the power changes but also to quantify the changes in powers of 
the PAL, especially for the power of the distance and reading areas. 
Currently, power progression can only be obtained by using a 
sophisticated computer driven instrument such as a Humphrey Lens 
Analyzer.1 ,2 The modified Optical Tester (shown in Appendix I) 
provides a visual display of power changes in a PAL, hence we have 
named it a Visual-Display Lensometer (VOL). Photographs of fringe 
patterns displayed on the VOL are shown in Figure 1 (a) and (b) below. 
These photographs clearly display the image of power changes in a 
trial PAL, a plano power with +3.00 add. The fringe patterns on 




The VOL can provide an accurate measurement of distance and 
reading powers as well as cylinder components. It is a simple 
optical instrument and would probably cost much less than the 
computer driven lens analyzers. In addition, the VOL can also detect 
anomalies in the ophthalmic lenses caused by warpage, stress, or 
other defects. In current optometric practice, the colmoscope is 
used to detect the distortions in plastic lenses, but it is based upon 
birefringence effects and provides no information on power changes. 
We will discuss the principle and theory of operations of the 
original Optical Tester and the modified Optical Tester (which we 
now call the VOL). The experimental procedures and their results 
will be presented later in this report. The Appendixes I of this 
report shows the photographs of the original Optical Tester and the 
VOL. Appendix II shows the principles and theory of determining the 
focal plane of a perfect lens. Lastly, a procedures for measuring the 
power and the axis of a spherocylinder lens is described in the 
Appendix Ill. 
Principle and Theory of Operations 
The Model E Optical Tester manufactured by Data Optics, Inc 
was designed to measure the focal length and to test distortions in 
optical lenses and mirrors. It is used mostly to inspect those 
products that may have moderate amounts of distortion, such as 
pressed and formed parts of glass or plastic. 3 
The theory of operation of the Optical Tester is based on the 
Moire Principle. When two sets of repetitive lines are laid on top of 
one another, a new sequence of lines are produced, called Moire 
fringes.4 Since a very small relative displacement of the two sets 
of lines results in the Moire pattern, this technique can be a 
sensitive detector of small changes in local power changes which 
bring about apparent relative displacement of the figures.s 
When a lens is illuminated through a grating as shown in Figure 
2, and the grating is imaged through a lens and reflected back to the 
object plane, a number of dark lines (Moire fringes) that appear 
localized on the lens can be observed. If the lens is well corrected 
and presents no distortion, then the fringes are uniformly straight, 
parallel, and equidistance. Otherwise, more complex fringe patterns 
are displayed. By examining the fringe patterns, we can see where 
2 
the power changes are occurring. However, it would be better if we 
could also quantify these changes in power. 
Plane Mirror 

















The original Optical Tester provided by Data Optics (shown in 
Figure 2) consists of a plane mirror, an achromatic collimation lens 
(L 1 ), a head unit to which grating can be mounted in metal mount. 
The head unit consists of a grating, an eye piece and a grating 
illumination source. The lens to be tested (L2) is placed in front of 
the L 1. The Ronchi grating we used had rulings of 50 lines per inch. 
The grating is illuminated by a flash light bulb mounted inside the 
head unit of the optical tester. 
It is possible to determine the focal length of a lens by using 
above setup. The principle of operation is the same as the 
autocollimation technique. As shown in the Figure 2, a source 
(grating) is placed on one side of converging lens so as to obtain 
parallel light. The parallel light will be reflected by the mirror on 
left end, follows the same path, and comes to a focus in the plane of 
source. With the optics in proper alignment, parallel fringes will be 
3 
seen when observing the lens surface through the grating at the 
head of the optical tester. The observer moves the head unit back 
and forth. The number of fringes decreases rapidly as the tester 
approaches the focal plane F from either side. To determine the 
location of plane F, we move the head un it unti l the fringes 
disappear complete ly as viewed on the test ing lens. 
The theory of operation is well illustrated in Appendix I of 
Instruction Manual For The Model C Optical Tester which appears as 
Appendix II in this report. According to the Appendix II , the focal 
length of a test lens (F) can be obtained by the following equations: 




F X= ---- -2mN 
F = 2xDN n 
x = distance behind focal point 
n =number of dark fringes across 
the face of test lens 
D = Diameter of test 1 ens 
N = number of lines per inch in the 
Ranch grating 
m = distance be ween fringes of 1 ens 
=Din 
In equation (3) above, the diameter of a test lens (D) needs to be 
measured. Most often, spectacle lenses come with odd shapes and 
the measurement is not easy. Also, the value of x and n need to be 
measured. These are not easy tasks either. At least three 
measurements have to be made to calculate F. It was difficult to 
obtain accurate measurements of F using this approach. 
Therefore, the original Optical Tester (Figure 2) was modified 
to obtain a simpler system and more accurate measurement of the 
focal length of a test lens. The plane mirror and the achromatic 
collimation lens were replaced by an concave mirror as shown in 
Figure 3 and 4. A photograph of the actual Optical Tester we used 
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Figure 3 
In Figure 3, the object (grating in tester head unit) and its image 
are located at the same position. This occurs only when we place 
the object in front of test lens so that virtual image of the object 
(s ') is located exactly at the radius distance (R) away from the 
concave mirror. The notations we used on the schematic diagram 
(Figure 3) are as follows: 
Power of test lens = P e 
Power of concave mirror = Pm 
Distance between concave mirror and test lens = d 
Distance between test lens and virtual image of object = R-d 
The virtual image formed by the test lens (s ') becomes the object 
for the concave mirror (s1 ). Since these are located at the center of 
curvature of the mirror, the location of real image formed by the 
mirror (s1 ') will be also the same. This becomes a virtual object for 
test lens (s2) to form a final image of the original object (s2 ') on the 
far left end side on Figure 3 above. Therefore, the following 






v· = v + P8 
1 1 s =S'+Pe 
since s' = -(R-d) = d-R, 31 = s1', 32' = s 
1 1 
Pe = d- R - s 
o _ -~d~-R;..;.............,.. 
"- 1-P8 (d-R) 
The power of test lens (Pe) can be calculated by the above equation 
(6). The distance between the mirror and the test lens (d) is set by 
the observer. The radius of curvature of the concave mirror (R) is 
given by the manufacturer, but can also be easily measured simply 
by removing the test lens. The value of s can be measured 
experimentally. Again, the above equations works only when the 
source and the its image are located at the same position at the 
focal plane of the system. This can be achieved by moving the 
source to the position that causes the fringes to disappear. 
Experimental Procedures 
The diameter of the concave mirror we used in this experiment 
was 5 inches. The focal length of the mirror (f) was 1 0 em, so the 
radius of the mirror (R) was 20 em. The length of the Optical 
Tester (VOL) bench was 50 em. Therefore, we needed to find the 
optimum distance values, s and d. The combined distance of s and d 
can not be greater than the bench distance of 50 em. Also we want 
to measure lens powers ranging from + 10.00 to -10.00. In order to 
obtain optimum values, we did a computer simulation by using the 
equation (7) above (Refer to the computer print out data sheet (Table 
1) and graph (Chart 1 )). The Optical Tester (VOL) setup is shown in 
Figure 4 below. 
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Figure 4 
According to the computer simulation, a d value of 12 em was 
optimum to measure both plus and minus lenses. However, 
increments of s values for the plus lenses were too small to provide 
good discrimination in measuring plus lens ranging from plano to 
+ 1 O.OD lenses. The s value was 8.00 em for the plano lens, and 4.44 
em for the + 1 O.OD lens. The range of s came out to be only 3.56 em. 
When more accurate measurement is necessary, a d value of 6 em is 
recommended for the plus lenses. By setting the d value of 6 em, the 
s value was 14.00 em for plano lens, and 5.83 em for + 10.00 lens 
(refer to Figure 5). This provides a larger increment in distance for 
each diopter change in power for the plus lenses. 
Various known powers of trial spherical lenses were measured 
after setting the d value of 6 em for the plus lenses and 12 em for 
the minus lenses. Calculated and measured values of s were very 
close to each other. These are shown in Figure 5 and 6. Very small 
differences between the two values (average of less than 0.1 OD) 
were obtained despite measurement errors. This confirmed the 
derived equations (6) and (7) were accurate and applicable in 
measuring the focal length of various spherical lenses. 
7 
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Figure 6 
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Power and axis measurements of a spherocylinder lens were 
also made. A plano spherical power with -2.000 cylinder lens was 
tested in different axis orientations. The fringe patterns are shown 
in Figure 7. All the measurements were made by setting the d value 
at 12 em and s value at 10.6 em. At this s distance, the source is 
located behind the focal plane. The orientation of the fringe 
patterns will be turned 180° if the source is. located in front of the 
focal plane. The fringe patterns depend on the orientation of the 
cylinder axis. The grating on the head unit of Optical Tester is 
mounted and fixed in vertical position , and can not be rotated in any 
direction in the current tester. Therefore it can only measures the 
power of horizontal meridian which is orthogonal to the grating. 
For example, the Optical Tester measures the power of 
horizontal meridian which is plano in the Figure ?(a). As the axis of 
the same lens is rotated to 30°, then the vertical fringes are rotated 
in the same direction (counter clockwise) to about 115° as shown in 
Figure ?(b). The number of fringes decreased from 37 fringes to 30 
fringes. The number of fringes continues to decrease and the fringes 
become more slanted until the lens axis is oriented at about 45°. 
Further rotation of the lens axis makes the clockwise rotation of · 
fringes and the number of fringes continue to decrease until the axis 
become goo. In Fig ?(e), the fringe pattern represents -2.000. The 
same lens with an axis greater than goo caused the fringes' 
orientation as shown in the Figure ?(f) and (g). The amount of fringe 
rotation does not represent the cylinder axis value. The axis can be 
obtained by measuring the amount of lens rotation until vertical 
fringes are obtained. The power of both meridians of the lens 
mentioned above were measured. The measured values revealed that 
accuracy was within 0.1 diopter for each meridian. A more accurate 
axis measurement can be obtained if we rotate the grating instead 
of the test lens. 
A procedures for measuring the power and the axis of a 
spherocylinder lens was developed and included in Appendix Ill. 
9 
(a) 
Cylinder 1 ens ( -2.000) 
d = 12cm s = 1 0.6cm 
Pl -2.00 X 1 BO 
37 fringes, axis 90 
Pl -2.00 X 030 
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The known power of various trial spherical lenses were 
measured by using the Visual-Display Lensometer (VOL). All plus 
lenses ranging from plano power to + 10.000 were measured by 
setting the d at 6 em. The measured powers of the test lenses were 
accurate within ±0.1 0 dioptor. Results are shown in Figure 5. The 
power of minus lenses, plano to -10.000 were measured by setting 
the d at 12 em. Similar accuracy were obtained as for the plus 
lenses as shown in Figure 6. Theoretically, measurements of minus 
lenses should be more accurate than the plus lenses due to larger s 
increments for each dioptor of power change. 
Various spherocylinder lenses were also measured. This 
resulted in similar accuracy in power measurement as for the 
spherical lenses. Also the axis of the cylinder could be measured to 
an accuracy of 2 to 3 degrees. A spectacle lens, -2.00 -1.00 x 180 
was measured by following the procedures in Appendix Ill. Results 
came out almost exactly to the values stated on the lens package. 
The fringe patterns of different kinds of ophthalmic lenses 
were photographed. The equipment and its settings are shown in 
References.? The photographs do not show the entire view, however; 
the field of view was smaller than actual view by the human eye. 
Therefore, hand sketched fringe patterns are also included in the 
figures. These are shown in Figure 8 through 13. It is important to 
note that the fringe patterns of the PAL are clearly shown on the 
lens, especially for the reading area. 
A series of fringe patterns for a -2.00 Sph lens are shown in 
Figure 8. The photographs were taken as the viewing head was 
moved toward the focal plane. The value of d was set at 12 em. 
Figure (a) shows the fringe pattern when s was set at 7.3 em, Figure 
(b) at 8.3 em, Figure (c) at 8.7 em, and Figure (d) at 9.5 em. The 
focal plane of the system (concave mirror and test lens combined) is 
behind the source (grating) as indicated in Figure (a). Approximately 
22 fringes appeared on the surface of the lens. These are very 
straight and vertically oriented, indicating that there are no dioptric 
distortions in the lens. In other words, the lens has only spherical 
components without any add power. As we move the source away 
from the test lens, the number of fringes decreased. Figure (c) 






plane. Figure (d) shows no fringe on the test lens. This indicates 
that the source is positioned right at the focal plane of the system. 
This is a very obvious view to an observer. One does not need to 
make a second guess at it. The measured s value was 9.5 em which 
converted to be exactly -2.000. 
Fringe patterns of a spherical convex lens, +4.00 Sph, are 
shown in Figure 9(a} and (b) . The d value of 6 em was set for these 
photographs. The s was set at 9.6 em for the Figure (a) and R2 em 
for the Figure (b) . 
(b) 
Figure 9 
Figure 10 below shows the·· fringe patterns of a flat-top 
bifocal lens, -4.00 Sph + 1.50 Add. The FT segments are shown on 
Figure (a} and (b) at s value of 8.2 em and 9.9 em respectively. 
Figure (b) shows only one fringe on the add segment. This indicates 
that the source is almost at the focal plane of the system. The 
measured value was exactly -2.500. There are two images of FT 
segment are shown on each of the photographs. One image is caused 
1 3 
by the light passing through the segment both down and back. The 
other image is caused by the light that does not pass through the 
segment upon return. It is not difficult to identify the nearest 




Figure 11 below shows the fringe patterns of a blank 
Progressive Addition Lens (PAL), -4.00 Sph +1.50 Add. The d value 
was set at 12 em and the s value was set at 11.5 em which was 
0.250 in front of the focal plane of the distance power. 
Figure 11 
Figure 12(a) and (b) are fringe patterns of a trial PAL. It is a 
plano power with +3.00 add. The diameter of the lens is much 
(a) (b) 
Figure 12 · 
l 5 
smaller than the lens shown in Figure 11. The Figure 12(a) has the 
lens at the position appropriate to measuring the distance power, 
and the Figure 12(b) has the lens positioned for measuring the add 
power. Both figures shovi the progressive corridor. The d value was 
set at 6 em. The s value was set at 13.8 em for Figure (a) which 
turned out to be a plano power. And the s value was set at 9.9 em 
for Figure (b). This turned out to be exactly +3.000 with a tolerance 
of 0.1 OD for the reading area. 
Figure 13 shows fringe patterns of the PAL, for the same lens 
shown in Figure 12. But in the Figure 13 the lens was mounted 
I ,.,. • --. 




sideways, turned 90° from the horizontal meridian. The d value was 
set at 6 em and the s value was set at 10.3 em for Figure (a) which 
was just behind the focal plane. The fringe pattern clearly shows 
the center or reading area on the right. Also, the add power 
progression is apparent on the figure. The distance between the 
fringes progressively increases from the distance to the reading 
area. Figure (b) shows the fringe pattern when the reading area is at 
the focal plane. The s value was measured to be 9.9 em yielding a 
power of exactly +3.000. 
Conclusions 
The power of spherocylinder lenses can be measured very 
accurately by using the modified Optical Tester. Replacing the 
achromatic collimation convex lens and the plain mirror with the 
concave mirror allowed us to simplify the system producing fewer 
extraneous images and a wider field of view. This also simplified 
the derivation of the mathematical equations that help us to analyze 
the optical system. We were also able to measure the power and 
axis of various spherocylinder lenses accurately. Powers can be 
measured to within ±0.1 00 tolerance. 
The visual display of fringes on a spherocylinder lens allow us 
to identify the presence of the cylinder component and its 
approximate orientation. The axis can be measured very accurately 
within 2° tolerance. More accurate measurement can be achieved if 
we can rotate the gratings on the head unit instead of test lens. 
Most importantly, power changes in any type of reading 
ophthalmic lenses such as bifocal and Progressive Addition Lens 
(PAL) can be viewed on the face of lenses. The visual display of 
power changes are very useful in a clinical situation, especially in 
the case of the PAL. The modified tester displays the progressive 
corridor and the exact location of the reading area on the face of 
lens itself. This can be easily marked with a marking pen. The 
addition power can be measured directly on the tester to 0.10 
accuracy. Or it could be measured by another lensometer after 
marking the optical center of reading area. 
There are some limitations of the modified Optical Tester that 
require further investigation. The current tester can measure the 
1 7 
power ranging from -100 to + 100. This could be easily extended by 
using a concave mirror with different radius of curvature. The 
tester sometimes produces multiple images due to the different 
light paths possible when a flat-top segment is present. We are 
still experimenting with the measurement of prism component in a 
lens. 
Other than the limitations mentioned above, it now appears 
that we could make all of the measurements provided by a 
conventional lensometer with comparable or better accuracy. The 
modified tester thus becomes a Visual-Display Lensometer (VOL) 
that allows us to see the power changes in a PAL as well as making 
accurate measurement of power. 
1 8 
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2.00 6.90 -8.00 22.22 
- --1--------- - ------·-··· -- ---- .... -· ... -· 
1. 75 7.02 -------+------~?? --__ ?~: 5~ -- ---·--
____ 1 _ _ .:._1.50 7 .14 _ _ :_?_:_5q_ 25.00 
1.25 7.27 ---- 1-----~!3...:.?5 - ~..:. 67 --
1.00 7.41 -9.00 28 .57 
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0.75 7.55 -9.25 30.77 
----~ - ---
0 .50 7 .69 -9.50 33.33 
0.25 7.84 
- - - -- ------- --- --------
0.00 8 .00 
















Both Plus and Minus Lens (d = 12.0 em) 
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Lens Power (Dioptor) 
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Power Conversion 
d = 6 em 
--------------- -
Table 
Plus l:~!!~D)__ Dist s _(~!!)l _ _ ___ _ -·-
1 ___ __::_0 -'-. 0_0 1 4. 0 0 
0 .50 13 .08 
- -------- ------------- -
1 .00 12 .28 
1.50 11 .57 
-·- ----------··-- ·-- --·-----------
2.00 10 .94 
2.50 10.37 1- -- --'----t-- ---'---=---=--- - - - ---
3 .00 9.86 
---+----
3 .50 9 .40 
4.00 8 .97 
4 .50 8 .59 
--- --------1--------L...--.. ------·-··· ------
5 .00 8.24 
- - ---
, ____ _::_5 ;_:.5_0+ _____ 7_._~ -
6 .00 7.61 
- ------
6 .50 7.33 
-- ·-------!--- - ----t---




8 .00 6.60 
- ------ ----- - - ------ - ---------
_ ___ 8_._50_1--___ _ 6_.3_~---
9.00 6. 19 
-----
9 .50 6.01 
- ---- t- --- -·- - ---- --- --
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7. Equipment and Settings For Photographs 
Camera: Mamiya/Sekor 500TL 
Camera Lens: Hanimar Automatic, 1 :2.8, f = 28 mm, No. 721726 
Auxi liary Lens: +2.000 blank ophthalmic lens (Hoya) which was 
mounted in front of the camera lens above. 
Settings: shutter speed set at 1/4 second 
aperture set at 8.0 or 11.0 
Film: Fuzi color 400 
The camera was mounted on the VOL bench by using a Optical Tester 
mounting rod . The room was completely dark except the light source 
in the head unit of the VOL. 
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Appendix I 
Photograph of Optical Tester 
Model C Optical Tester 





Determining the focal plane of a perfect lens 
r 
FIGURE 13 
Consider the case where L is a perfect lens backed by a mirror as in 
Figure 1 (b). 
If the grating T (Figure 13) is the distance x behind the focal plane, 
Then its image T' is formed a distance x ahead of the focus. The optic 
axis passes through the grating at the center of a transparent strip. 
The point A on the grating, on the axis of the lens, acts as a luminous 
source whose image A 1 is also on the axis and in the plane T'. 
The cone of rays having A' as the vertex and the lens as the base 
passes through the grating within a circle of radius r. Then by geometry 
r/2x = R/ (F-x) or r 2xR F-x 
But, when the grating is near the focal plane, xis small compared to F, 
and the above relation can be written 
2xR rF 
r = -- or x = F 2R 
But, the radius in inches of the circle of radius r is 2~ where n is the 
number of dark fringes in the circle (or as observed across the face of the 
lens) and N is the number of lines per inch in the grating. Also, 2R is 







Also, the number of fringes observed per inch. p. across the lens is equal 
to n/D, or the distance between fringes, m, is equal to D/n. So equation 
1 can be written: 
X = ..£K. 2 2N 
and F X - -- 3 2mN 
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Appendix Ill 
Procedures For Measuring Power and Axis 
of Spherocylinder Lens 
1. make sure the center of test lens holder is at 12 em away from 
the convex lens (set d = 12 em). 
2. Place the head unit at least 30 em away from the test lens 
holder. This will ensure the source is located behind the focal plane. 
3. Mount the test lens in the test lens holder, and align the lens 
properly. 
4. While viewing the fringe pattern on the face of the lens through 
the grating on the eye piece, slowly move the head unit toward the 
test lens. 
5. Dot the test lens with a marking pen on the superior edge of the 
lens just below the 0 and 180 degree making on the axis indicator as 
shown in the Figure A.1 below. Fringes will be oriented as shown 
below when the source is behind the focal plane. Otherwise the 
fringes will be turned 180°. 
6. If the fringes on the lens are vertically oriented like ones on the 
Figure 4(a) or (e), then it is either a spherical or spherocylinder 
lens. If it is a spherocylinder lens, then its axis is at either goo or 
180°. 
a. Rotate the lens to either direction about 15° to 20°. 
(1) If the fringes are still oriented vertically, then the 
lens is spherical. There is no cylinder component. Place the head 
unit at focal plane by making all the fringes disappear on the face of 
lens. Now measure the distance s and get the power of the lens from 
Table 1 or Chart 1. 
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Spherocyl i nder 
Power and axis measurement 
180 
0 









pl -2.00 X 135 
(b) 
(2) If the fringes are no longer oriented vertically after 
brief rotation to either direction, then rotate the lens back to 
original position. Now move the head unit to obtain the power of the 
horizontal meridian. Measure the distance s and get the power from 
the chart. Now rotate the lens goo from the above position. You will 
see the vertical fringes again but with different numbers. Move the 
head unit again to measure the s and p. This yields the power of the 
vertical meridian. Obtain the power and axis of the lens by using the 
power-cross method. Again, the axis is either 180° or goo in this 
case. 
7. If the fringes on the test lens are not oriented vertically at the 
initial view like the one on the figure A.1 (a) or (b) above. then the 
cylinder has an oblique axis, not at either 180° or goo. then; 
a. Make sure that the lens are marked with a dot on the 12 
o'clock position as shown on the Figure A.1 before taking any 
measurements. 
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b. If the orientation of the fringes are greater than goo as 
shown in Figure A.1 (a), then the actual axis of the lens is less than 
goo. 
(1) Rotate the lens clockwise until the fringes are lined 
up vertically. Obtain the axis of the lens by reading off the axis 
indication marker where the dot is aligned at. This is the axis of the 
cylinder. 
(2) Now measure the power of the lens by placing the 
head unit at the focal plane. This is the power at the above axis. 
(3) Again, rotate the lens goo from the position above. 
Measure the power on that axis. 
(4) By using the power-cross method, obtain the power 
and axis of the lens. 
c. If the orientation of the fringes are less than goo as shown 
in Figure A.1 (b), then the actual axis of the lens is greater than goo. 
In this case, the measurement procedures are the same as the steps 
in b above, except the lens rotation should be made to opposite 
direction. 
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